METHODS
Using previously published protocols, 1 experiments were performed in a home-built ultra-high vacuum (UHV) cryogenic (closed-cycle cryostat-based) STM system. 2 A Au(111)/mica substrate was prepared in situ using multiple neon sputter/anneal cycles. Hydrogen-passivated SiNCs were fabricated using a protocol described previously. 3 The SiNCs were suspended in pentane, and using a solenoid pulse-valve were deposited onto the Au(111) surface in high-vacuum conditions, parameters were chosen so as to obtain monolayer NC coverage. The SiNC covered Au(111) substrate was subsequently annealed overnight in UHV at ~50 °C to remove any residual pentane from the sample surface. All STM topographies and STS measurements were obtained at a temperature of ~20 K using silver tips prepared by electrochemical etching and subsequent sputtering in UHV. All STS spectra were recorded using the lock-in technique at 570 Hz and bias modulations varying from 10 (individual spectra and 1-D spatial scans) to 50 mV (2-D DOS maps).
Thermal drift has to be carefully monitored during the STS measurements in order to maintain tipsample spatial registry. Typical lateral drift values during the reported STS measurements were <0.2 Å for single-point spectra, ~1.7 Å for 1-D STS maps, and ~2.7 Å for 2-D maps (the numbers are different due to the different acquisition times used for each type of measurement). While displacements during single-point STS were negligible, locations of individual data points in STS maps were drift-corrected by using an appropriate constant drift rate for each measurement (as determined from STM imaging). To ensure constant drift rates, the piezo creep associated with spatial repositioning was minimized by allowing the STM piezos to equilibrate for more than ~15 hours, after which the drift rates were found to be nearly constant within the time frame required for acquisition of a STS map. 2 Theoretical calculations were performed using DFT, as implemented in the pseudo-potential package SIESTA, 4, 5 employing local density approximation 3 (LDA) exchange, as described previously, 6 which, for hydrogenated SiNCs smaller than 4 nm in diameter, provides a good approximation of electronic bandgaps. 7 
FREE-STANDING H-SiNCs SYNTHESIS:
Free-standing H-SiNCs were synthesized following a modified literature procedure 8 .
Trichlorosilane (HSiCl3, ≤ 98%; Alfa Aesar), pentane (anhydrous C5H12, Sigma-Aldrich), aqueous hydrofluoric acid (HF, 48.0-51.0%, Fisher Scientific), and ethanol (anhydrous EtOH, ACS grade, Pharmco-Aaper) were purchased for syntheses and used without further purification.
A Schlenk line was utilized to maintain and air-free environment during the sol-gel polycondensation and drying of the resulting polymer, with Ar as the inert gas. Etching and extraction steps following polymer annealing were done in air.
In a typical reaction, 4.5 mL of HSiCl3 (45 mmol) was injected into a two-necked round-bottom flask, equipped with a small PTFE-coated magnetic stir bar. The flask with HSiCl3(l) was cooled in an ice bath for 10 minutes, then an aliquot (90 mmol) of water (18 MΩ•cm resistivity) was quickly injected into the flask to accomplish hydrolysis and polycondensation of HSiCl3. The mixture was cooled for another 3 minutes, then left under flowing Ar for 18h to purge HCl(g) byproduct. The resulting sol-gel hydrosilicate polymer was subsequently dried in vacuo for 18 hrs.
This solid precursor was placed in an alumina boat, and was annealed at 1100 °C under flowing N2 in a horizontal tube furnace (Lindberg Blue, Model TF55035A, Lindberg Scientific, Asheville, NC) for 10 hrs to produce nanocrystalline Si (Si NCs) embedded in an oxidized matrix. The annealed powders (~0.5 g) containing the Si NCs were ball-milled for 10 seconds in a tungsten carbide lined milling vial with two 1 cm tungsten carbide balls using a Spex 8000M mill mixer (SPEX SamplePrep, Metuchen, NJ). The milled powder was subsequently etched in a chemical etching solution of 1:1:1 (by volume) ethanol/water/HF(aq) for 1 hr to liberate hydride-terminated Si NPs (SiNCs), which were then partitioned into pentane by biphasic extraction (10 × 5 mL of pentane extractions).
3. ENEGRY-VOLTAGE RELATIONHSIP AND "BIPOLAR" TUNNELING: (In the main text, we use 0.2 as a representative value for SiNCs, to estimate the energyvoltage relationships for STS features corresponding to "direct" and "reverse" tunneling.) Voltage onsets for both "direct" and "reverse" tunnelling (at opposite bias polarities) vary with tip position on the NC surface. This is particularly noticeable for "reverse" tunneling peaks * and * , while the onsets of "direct" tunneling peaks and are relatively insensitive to the position along the SiNC. These onset variations are explained by the sensitivity of to the geometry of the junction. 9 Indeed, both the tip position with respect to the SiNC, and the relative tip height z, which can both be expected to affect , vary considerably across the scan range shown in the topography profiles (a) and (b). The larger sensitivity of peaks * and * to spatial location is explained by the fact that the onsets for these are inversely proportional to (changes significantly), while the onsets for peaks and are inversely proportional to 1 (changes relatively insignificantly due to the small value of ). 
FIG. S4.
FT-IR spectra of as-prepared hydrogen-terminated SiNCs dispersed in a hexane solution as described elsewhere. 11 (a) Low frequency region. Broad peak at 600-700 cm -1 includes: 1) the Si-H bending modes and Si-H2 rocking mode of Si(100), 12 2) the Si-H bending mode of Si(111)-(1×1), 13 and 3) the Si-H bending modes and Si-H2 wagging mode originating from step-edges of 7 vicinal H/Si(111) surfaces. 14 The peak at 904 cm -1 , on the other hand, has no contribution from Si-H: it contains the Si-H2 scissoring bending mode, 12, 15 as well as the Si-H3 degenerate deformation mode 16 (note that Si-H3 population is expected to be significantly lower due to 2 times higher oxidation rate while exposed to the air during the measurement). 17 Intensity of both peaks are comparable, which suggests a significant presence of Si-H2 on the {100}Times facets of measured SiNCs. For comparison, for the Si(100)-(3×1) surface, where ~1/3 of the surface Si atoms are terminated with dihydrides (and the rest are terminated with monohydrides), the relative intensity of the ~900 cm -1 region is an order of magnitude smaller than that of the ~600 cm -1 . 12 
